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Abstract-It is well-known that electrical currents in oil-transporting metal pipes cause corrosion of the 
pipe material by electrochemical activity. The problem of computing these currents is dependent upon 
knowing the effective resistance of the conducting pathway. Owing to the geometrical complexity of such 
systems, the problem of ascertaining these resistances in any exact manner is a formidable problem. For 
this reason we propose an analogue model for a particular configuration of interest, involving an electrolyte 
contained in a steel pipe having an insulated joint at one end and a movable insulating sleeve insert. The 
calculations, which involve only simple calculus, may readily be extended to fit other circumstances. The 
dependence of resistivity on temperature may be included in our final formulas for resistance. Experiments 
to test the model are suggested. 
1. THE PROBLEM 
The particular configuration to be modelled is shown in Fig. 1. This consists of a cylindrical steel 
pipe of internal diameter di and external diameter d, having an insulated blind flange at one end 
and a movable plastic (insulating) sleeve insert. The insulation is of thickness t, 1 is the length of 
pipe between the insulator and contact point (P’), and I’ is the length of pipe between the insulator 
and movable plastic sleeve. The resistivity of the electrolyte is denoted by pE and for the steel by 
ps. Two cases are studied. Case A is for the configuration of Fig. 1 without the movable sleeve and 
Case B includes the sleeve. 
2. ELEMENTARY MODEL 
Consider a section of steel pipe of length I whose inner and outer diameters are di and d,, 
respectively. If R,(I) denotes the resistance of such a length of pipe, then 
‘2-Steel Pipe 
Blind Flange 
Fig. 1. Steel pipe with insulated end. 
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where A is the cross-sectional area of the pipe. The constant of proportionality is the resistivity of 
the steel ps. Thus, 
R,&) = 4psl/[lr(d,2 - df)]. (2) 
For an electrolyte with resistivity PE, the resistance, R,(I), of a column of length 1 and diameter 
di is 
R,(l) = 4pJfndF. (3) 
As an indication of how our analogue model will be developed we suppose that current flow 
from the flange to P’ (Case A) has two possible paths. Current leaving the charged flange must 
travel a distance t through the electrolyte (there being no other path) at which point it then can 
travel either through the pipe to P’ or through the electrolyte to P’. These paths can be represented 
figuratively by the analogue model depicted in Fig. 2, where R&) represents the resistance of a 
column of electrolyte of length t, and R&) is the resistance of a length 1 of pipe. The total resistance 
of the circuit shown in Fig. 2 is R, where 
R = R&) + R:',; 
R’ = &WE(~) 
(‘I R.41) + R,(l) 
(4) 
and symbolizes the total resistance of the “two-path” analogue model. Inserting the various 
parameters of the system gives 
R =4p,t+ 41PEPS 
nd; 43sdf + P,(d: - d?)l’ 
(5) 
The model leading to equation (5) supposes that the electrical current after leaving the flange 
has but two possible paths in reaching the field point at P’. Either it passes entirely up the column 
of electrolyte or passes through the electrolyte past the insulator and thereafter travels along the 
cylindrical pipe to P’. Owing to the symmetry of the configuration, “field point” here refers to any 
point on the circumference at a distance 1+ t from the flange. This model is not representative of 
reality but does provide the basic idea behind the model to be presented in the next section. 
3. CONTINUUM MODEL 
We develop our continuum model by visualizing a discrete set of n possible pathways from flange 
to field point and then passing via a limit (n + co) to the continuum case. All the current from the 
flange must first pass a distance c through the electrolyte and then may be regarded as being split 
into n parts traversing a set of n parallel paths consisting of distances Ax, 2Ax,. . . , nAx through 
the electrolyte followed by distances of 1 - Ax, 1 - 2Ax,. . . , I- nAx, respectively, through the pipe. 
Fig. 2. Two-path analogue model. 
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The resistance for the current path of distance Ax through the electrolyte and I - Ax through 
the pipe is 
R 
1 
= 4~,Ax + 4~sU - Ax) 
ndf/n z(d,2 - df)/n’ 
(6) 
The n in equation (6) occurs because the nth part of the total current is assumed to occupy a 
proportional fraction of the total cross-sectional area. The resistance for the current path of length 
2Ax through the electrolyte and 1 - 2Ax through the pipe is 
R 
2 
= 4pdA.x + 4&l - 2Ax) 
ndfln n(d,2 - d')/n . 
(7) 
Similarly, the resistance for a path of length kAx through the electrolyte followed by one of length 
I- kAx through the pipe (1 < k < n; Ax = l/n) is given by 
R 
k 
= 4npskAx + 4np,(l- kAx) 
xdf n(d,2 - df) . 
The total resistance of such a set of n parallel circuits will be R&, where (see Fig. 3) 
1 
R:,= &$J$ n 
(8) 
(9) 
Since the circuit must always include a path of length t through the electrolyte, the resistance for 
this discrete model will be given by (Case A) 
where R& is computed from equation (9). 
We now assume that we are not dealing with a discrete set of n 
continuum of such paths. The formulas for such a continuum are 
(Ax + 0) in the expression for Rz,. 
P RE(t) 
(10) 
parallel paths but rather a 
obtained by letting n + cc 
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Fig. 3. N-path analogue model. 
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Introducing the notation 
a=4& b= 4Ps a-b 
ndf ’ n(d,2 - df)’ 
a=-, 
b 
we can write 
Denoting the total resistance in our continuum model by R:,,, where 
T* = lim R* cm) “_o3 00 
we obtain 
1 =- 
s 
’ dx 
bl JTZ 
(11) 
(12) 
(13) 
(14) 
Carrying out the integration in equation (14) and inserting the various parameters we find that the 
resistance RA for Case A (no plastic sleeve) is given by 
RA++ 44M,2 - 4) - &?I 
zdf(d: - d’)log {-[(tr - I]} 
(15) 
I 
The analysis for inclusion of the movable plastic sleeve (Case B) proceeds much as that for Case 
A above. We partition the distance 0 to I’ (I’ < I) into n equal subintervals of length Ax = l’/n. If 
R, represents the resistance for a path of length kAx through the electrolyte and I- kAx through 
the steel pipe then again R, is given by equation (8) but with Ax = P/n. With definitions (11) we 
have 
Proceeding to the continuum model, as in Case A above, gives 
1 1 -= 
RL, 
lim_!-k.! ___ 
n-mbl,=,n 1 I kl; 
~. 
(16) 
(17) 
Thus. 
R:m, = 
abl 
(18) 
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and 
RB _ 4pEt ; 4r[pJd: - df) - p,df] 
lrdf 
nd’(d.i-d’,l~~{(l--f)+~[~~--]j’ 
(19) 
Formula (15) is valid for 0 -z I c co when no sleeve is included. With the sleeve included, the 
resistance is given by equation (19) when 0 < I’ < I, but when I’ > I it is given by formula (15). The 
effect of temperature on resistance can be incorporated in equations (15) and (19) simply by 
replacing pE and ps by their temperature-dependent functional forms. 
4. EPILOGUE 
By resorting to a simple analogue model a previously intractable problem of technological 
importance has been given a possible solution. The analysis employs only elementary calculus and 
is capable of being adapted to other situations of varying complexity. 
In Fig. 4 we use formulas (15) and (19) to plot the resistance for a carbon steel pipe (ps = 
1.7 x 10e5 R* cm) containing a 3% NaCl solution (pE = 23 R * cm). The internal diameter of the pipe 
is 76.2mm (di = 7.62 cm) and its external diameter is 88.9mm (do = 8.89cm). The insulator is 1Omm 
thick (t = l.Ocm) and the temperature is assumed constant at 20°C. 
e (cm) 
Fig. 4. Calculated resistance. 
To test this theory an experiment based upon the set up shown in Fig. 1 could be employed. 
The resistance should of course be measured before electroplating of the insulating layer occurs. 
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